Introduction {#Sec1}
============

Diabetes is a chronic metabolic disorder characterized by elevated levels of blood glucose (hyperglycemia). The disease is associated with considerable morbidity and mortality \[[@CR1]\] and represents one of the largest challenges to health worldwide. According to the Institute of Health Information and Statistics of the Czech Republic (UZIS), there were 862,882 people with diagnosed diabetes in the Czech Republic in 2015 (excluding those with impaired glucose tolerance) \[[@CR2]\], of whom 91.4% had type 2 diabetes mellitus (T2DM), 6.5% had type 1 diabetes mellitus (T1DM), and the remainder had secondary diabetes \[[@CR2]\].

T2DM is characterized by insulin resistance (decreased tissue response to insulin) and a progressive loss of β-cell function, ultimately resulting in insulin deficiency \[[@CR3]\]. T2DM is more common in obese adults over 40 years of age, although it is becoming more common in children and adolescents due to increased obesity rates in these groups \[[@CR4]\].

The long-term complications of diabetes, which are a consequence of prolonged hyperglycemia, include retinopathy, nephropathy, neuropathy, and cardiovascular disease \[[@CR1]\]. A study of patient records of people with T2DM (*n* = 495) in the Czech Republic found that 44.2 and 49.3% of patients had at least one macrovascular complication and at least one microvascular complication, respectively, and that 82.8% of all patients were being treated with anti-hypertensive medications \[[@CR5]\]. In 2015 there were 29,000 diabetes-related deaths (2.7 deaths per 1000 population) in the Czech Republic \[[@CR2]\].

The treatment of diabetes and its associated complications imposes an immense economic burden on national healthcare systems. In the Czech Republic the mean diabetes-related expenditure per patient with diabetes was estimated to be around EUR 1445.16[1](#Fn1){ref-type="fn"} in 2015 \[[@CR6]\].

The clinical goal in the treatment of diabetes is to achieve good glycemic control with minimal hypoglycemia or other adverse effects of treatment, such as weight gain. International guidance recommends a glycated hemoglobin (HbA~1c~) target of \< 7% (53.0 mmol/mol) \[[@CR7]\]. T2DM is a progressive disease \[[@CR8]\], and treatment is intensified over time. Most patients with T2DM will eventually require insulin to maintain target HbA~1c~ levels, and many patients will need to intensify their insulin regimen as the disease continues to progress \[[@CR7]\]. Guidance in the Czech Republic for the treatment of T2DM is in line with American Diabetes Association (ADA) and European guidance \[[@CR7], [@CR9]\]. Common strategies for intensification of insulin therapy are (1) to titrate the basal insulin further, (2) to add bolus insulin, (3) to switch to premix insulin, or (4) to add a glucagon-like peptide-1 (GLP-1) receptor agonist (RA) to the insulin therapeutic regimen. In the Czech Republic guidance, therapy with a fixed combination of GLP-1 receptor agonist and basal insulin and with GLP-1 RA and basal insulin are both recommended \[[@CR10]\].

Despite clear guidelines and the availability of many different treatment options, glycemic control remains suboptimal in a substantial number of patients \[[@CR11], [@CR12]\]. In a European study, the overall proportion of patients with T2DM not achieving good glycemic control was 37%, rising to 64% when only patients receiving insulin/injectables were considered \[[@CR13]\]. An expert survey by IMS Health Technology Solutions Czech Republic s.r.o. found that 53% of patients on basal insulin in the Czech Republic do not have adequate glycemic control \[HbA~1c~ ≥ 60 mmol/mol (7.6%)\]. Barriers to intensification of insulin therapy and good glycemic control in these patients include hypoglycemia, weight gain, and complex treatment regimens \[[@CR14]--[@CR18]\].

IDegLira is a once-daily, fixed-ratio combination of the long-acting basal insulin analog (insulin degludec; IDeg) and the GLP-1 RA (liraglutide) administered in a single pen injection device. It was developed to take advantage of the combined effects of IDeg and liraglutide on glycemic control through their complementary mechanisms of action. IDegLira is indicated for the treatment of adults with T2DM to improve glycemic control in combination with oral glucose-lowering medicinal products when these alone or combined with a GLP-1 RA or basal insulin do not provide adequate glycemic control \[[@CR19]\]. A suggested place in the T2DM treatment pathway for IDegLira is when these patients are uncontrolled on basal insulin and require treatment intensification.

Two phase 3 DUAL™ (Dual Action of Liraglutide and Insulin Degludec in Type 2 Diabetes) trials provide the core efficacy and safety evidence for IDegLira in patients with T2DM uncontrolled on basal insulin. The DUAL II trial (NCT 01392573; IDegLira vs. IDeg) found that at equivalent insulin doses IDegLira was superior to IDeg in terms of lowering HbA~1c~ and was significantly more favorable in terms of changes in body weight (weight loss with IDegLira vs. no weight change with IDeg) \[[@CR20]\]. The results also confirmed that hypoglycemia was numerically lower with IDegLira versus IDeg \[[@CR20]\]. The DUAL V trial \[NCT 01952145; IDegLira vs. up-titration of insulin glargine U100 (IGlar U100; Lantus®)\], which enrolled patients with T2DM uncontrolled on IGlar U100 at trial entry, found that IDegLira was superior to IGlar U100 in terms of lowering HbA~1c~, change in body weight (weight loss with IDegLira vs. weight gain with IGlar U100), and hypoglycemia \[[@CR21]\]. Despite a superior reduction in HbA~1c~ the rate of confirmed hypoglycemia was 57% lower with IDegLira \[[@CR21]\].

At the time of data analysis (February 2016) there were no head-to-head clinical trials of IDegLira versus other treatment options for intensification of basal insulin therapy. However, an indirect statistical comparison (pooled multivariable analysis) was conducted to establish an estimate of the treatment effects of IDegLira versus basal--bolus insulin therapy and liraglutide added to basal insulin in patients with T2DM uncontrolled on basal insulin \[[@CR22]\]. The pooled analysis showed that IDegLira was associated with a significantly greater decrease in HbA~1c~ versus both basal--bolus therapy and GLP-1 RA added to basal insulin, with lower hypoglycemia rates and a greater reduction in weight versus basal--bolus therapy \[[@CR22]\].

In the current environment of cost containment, decision-making based on both clinical and economic evidence is paramount for optimum resource use and service delivery for patients with T2DM. Cost-effectiveness analyses are increasingly used to inform pharmaceutical reimbursement and/or pricing decisions in many countries. Such analyses help decision-makers determine whether the health benefits associated with adopting the novel treatment are worth the cost, compared with existing therapies. The objective of the study reported here was to evaluate the long-term cost-effectiveness of IDegLira versus basal--bolus insulin therapy, as an alternative insulin intensification strategy, in adult patients with type 2 diabetes not optimally controlled on basal insulin in the Czech Republic. The cost-effectiveness of IDegLira versus GLP-1 RA added to basal insulin was investigated in a scenario analysis.

Methods {#Sec2}
=======

Type of Economic Analysis {#Sec3}
-------------------------

A cost-effectiveness analysis was conducted to estimate the difference in cost between IDegLira and a comparator, divided by the difference in health effects. A generally accepted effectiveness measure used in cost-effectiveness analyses is the quality-adjusted life-year (QALY). A QALY is an overall measure of health as a combination of the duration of life and the health-related quality of life \[[@CR23]\]. The outcome measure is termed an incremental cost-effectiveness ratio (ICER):$$\documentclass[12pt]{minimal}
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Therefore, the cost-effectiveness (the ICER) was expressed as the cost/QALY gained. An intervention is considered to be cost-effective if the ICER falls below a defined willingness-to-pay (WTP) threshold. In the Czech Republic there is no official guidance on the WTP threshold, but the SÚKL[2](#Fn2){ref-type="fn"} (State Institute for Drug Control) applies a "generally accepted threshold" based on threefold the gross domestic product per capita in all administrative proceedings \[[@CR24]\]. At the time of this analysis this was 1,100,000 CZK/QALY gained.

Choice of Comparators {#Sec4}
---------------------

In the Czech Republic the most relevant comparator for IDegLira was considered to be basal--bolus therapy, such as, for example, the addition of insulin aspart to insulin glargine three times daily (IGlar + 3 × IAsp). During the administrative reimbursement procedure for IDegLira, SÚKL confirmed that basal--bolus therapy was the only appropriate comparator treatment. The combination of basal insulin and GLP-1 RA could not be considered as it is not reimbursed in the Czech Republic \[[@CR25]\]. Therefore, IDegLira versus basal--bolus therapy formed the base case analysis, which was conducted in February 2016. However, as the combination of basal insulin and GLP-1 RA has been included in the recent guidance in the Czech Republic, we investigated this treatment option in an alternative scenario analysis. This analysis was requested by the General Insurance Company of Czech Republic (a healthcare payer) during negotiations that followed the positive Evaluation Report from the SÚKL, and it was conducted in May 2016. The Evaluation Report was issued by SÚKL before the Final Decision to guarantee the participants the right to comment and raise possible objections and provide counter-arguments, thereby ensuring the transparency and fairness of the administrative proceeding during which price and reimbursement levels and conditions are set. In this process, all administrative proceedings are led by the SÚKL, and the Marketing Authorization Holder and insurance companies (healthcare payers) are participants only. The process is completed with the issue of the Final Decision by SÚKL which describes the assessment and the main reasons for the price and reimbursement decisions.

As there were no head-to-head studies comparing IDegLira with basal--bolus therapy and the combination of basal insulin and GLP-1 RA at the time of evaluation, data to inform the analysis were taken from the expanded pooled analysis \[[@CR22]\], which includes data from patients receiving IGlar U100 + 3 × IAsp or IDeg + 3 × IAsp in the basal--bolus arm (*n* = 210).

Model Overview {#Sec5}
--------------

The long-term cost-effectiveness of IDegLira versus relevant comparators was assessed using the QuintilesIMS Health CORE Diabetes model (referred to as the IMS CORE Diabetes model elsewhere in text) and effectiveness data from the expanded pooled analysis. The analysis follows standard methodology as prescribed by the IMS CORE Diabetes model and previously published economic evaluations of IDegLira \[[@CR26], [@CR27]\].

The IMS CORE Diabetes model is an internet-based, interactive computer model developed to determine the long-term health outcomes and economic consequences of implementing interventions in the treatment of diabetes \[[@CR28], [@CR29]\]. The model allows extrapolation of results from short-term trials to long-term outcomes, and it considers diabetes therapy, oral hypoglycemic medications, screening and treatment strategies for microvascular complications, treatment strategies for end-stage complications, and multifactorial interventions. The following long-term outcomes are evaluated in the model: life expectancy, quality-adjusted life expectancy, cumulative incidence of diabetes-related complications, time to onset of diabetes-related complications, and direct medical costs.

The IMS CORE Diabetes model simulates the complications of diabetes (angina, myocardial infarction, congestive heart failure, stroke, peripheral vascular disease, diabetic retinopathy, macular edema, cataract, hypoglycemia, ketoacidosis, lactic acidosis, nephropathy and end-stage renal disease, neuropathy, foot ulcer, and amputation). It takes data from a number of different sources to perform patient level simulations (Fig. [1](#Fig1){ref-type="fig"}). Baseline cohort characteristics are used to define a simulated patient, and treatment effects based on the trial data are applied. Other diabetes management strategies are also included, since these affect the risk of complications. The simulated patient then enters the model, in which clinical events are projected over patient lifetimes. Based on these clinical events and their impact on costs and quality of life, health economic outcomes are projected.Fig. 1Performing simulations with the QuintilesIMS Health CORE Diabetes model. QALY Quality-adjusted life year

Time Horizon and Treatment Duration {#Sec6}
-----------------------------------

The base case analysis used a lifetime (50-year) time horizon to capture all relevant long-term complications and associated costs in order to assess their impact on life expectancy and quality-adjusted life expectancy. The impact of shortening the time horizon was explored in sensitivity analyses. The model takes into account mortality as a result of diabetes-related complications and background mortality based on Czech Republic-specific life tables \[[@CR30]\]. Therefore, while a 50-year time horizon was used, patients were not assumed to live for 50 years. All patients had died after 50 years of the modeling analysis.

Patients receiving IDegLira were assumed to receive the treatment for the first 5 years of the analysis. After 5 years, treatment was intensified to basal--bolus insulin therapy with once-daily IGlar U100 + 3 × IAsp. This assumption recognizes that intensification to basal--bolus therapy will be required for patients to maintain glycemic control over the long term. Patients in the basal--bolus therapy arm were assumed to remain on this therapy for the duration of their lifetime.

Discounting {#Sec7}
-----------

Clinical and cost outcomes were discounted symmetrically at 3% per annum, which is in line with health economic guidance for the Czech Republic \[[@CR31]\].

Clinical Data {#Sec8}
-------------

A simulated cohort of patients was defined, with baseline risk factors based on the baseline characteristics of patients randomized to receive IDegLira in the DUAL II study (Table [1](#Tab1){ref-type="table"}). The proportion of patients using tobacco products was based on the DUAL II trial data, but the number of cigarettes smoked per day was assumed to be the same as that calculated for the general Czech Republic population and was based on country-specific data \[[@CR32]\]. Similarly, mean weekly alcohol consumption was taken from Czech Republic-specific data for the general population \[[@CR32]\].Table 1Baseline cohort characteristicsDemographics and risk factorsPhase 3 DUAL™ II trial cohort (patients receiving IDegLira)Start age (years)56.8 (8.9)Duration of diabetes (years)10.3 (6.0)Percentage male56.3%HbA~1c~ (%)8.7 (0.7)SBP (mmHg)132.4 (14.8)Total cholesterol (mg/dL)182.0 (45.5)HDL cholesterol (mg/dL)43.4 (11.0)LDL cholesterol (mg/dL)101.9 (37.1)Triglycerides (mg/dL)196.8 (148.0)BMI (kg/m^2^)33.6 (5.7)Percentage smokers (%)16.1Cigarettes per day^a^14.44Alcohol consumption (fl oz/week)^b^5.01Values in table are presented as the mean with the standard deviation (SD) in parenthesis*BMI* Body mass index, *HbA* ~*1c*~ glycated hemoglobin, *HDL* high-density lipoprotein,*IDegLira* fixed-ratio combination of the insulin analog degludec (IDeg) and the glucagon-like peptide-1 (GLP-1) receptor agonist (GLP-1 RA) liraglutide, *LDL* low-density lipoprotein, *SBP* systolic blood pressure, *SD* standard deviation^a^Source: Sovinova H and Csemy L: The use of tobacco and alcohol in the Czech Republic 2012 \[[@CR32]\]^b^Derived from \[[@CR32]\]

Treatment effects applied in the first year of the analysis (Table [2](#Tab2){ref-type="table"}) were based on data from the expanded pooled analysis \[[@CR22]\].Table 2Treatment effects applied in patients previously uncontrolled on basal insulin (IDegLira vs. basal--bolus therapy)ParameterIDegLiraBasal--bolus therapyHbA~1c~ (%)− 1.66 (0.96)− 1.33\* (0.96)SBP (mmHg)− 6.86 (13.20)− 0.93\* (13.20)Total cholesterol (mg/dL)− 10.13 (30.28)+ 1.50\* (30.28)HDL cholesterol (mg/dL)+ 0.52 (6.79)+ 0.79 (6.79)LDL cholesterol (mg/dL)− 6.85 (23.83)+ 0.08\* (23.83)Triglycerides (mg/dL)− 25.74 (103.71)+ 3.82\* (103.71)BMI (kg/m^2^)− 1.04 (1.34)+ 1.38\* (1.34)Severe hypoglycemia event rate (events/100 PYE)0.842.85Non-severe hypoglycemia event rate (events/100 PYE)125.05\*794.63\*Source: Electronic Supplementary Material appendix of extended pooled analysis by Freemantle et al. \[[@CR22]\]Values in table are presented as the mean with the SD in parenthesis*PYE* Patient years of exposure\* Statistically significant difference

After the first year of the analysis, systolic blood pressure and serum lipids were assumed to follow the natural progression algorithms built into the CORE Diabetes Model, based on the 30-year UK Prospective Diabetes Study (UKPDS 82) or Framingham data (as described by Palmer et al. \[[@CR29]\]). Benefits in terms of HbA~1c~, and body mass index (BMI) were assumed to persist for the 5 years that patients received IDegLira and to be abolished upon treatment switching. Hypoglycemia rates following treatment intensification were based on the basal--bolus arm, with non-severe and severe hypoglycemic event rates of 794.63 and 2.85 events per 100 patient-years, respectively, applied.

Costs and Resource Use {#Sec9}
----------------------

Costs were estimated from the Czech Republic public payer perspective. Direct costs captured included pharmacy costs, costs associated with diabetes-related complications, and concomitant patient management costs. All costs were expressed in 2016 CZK.[3](#Fn3){ref-type="fn"}

Treatment costs were calculated based on the adjusted doses in the expanded pooled analysis from which clinical data on the treatment effects were also taken \[[@CR22]\]. One needle was assumed for each injection. Patients were assumed to be receiving metformin in addition to the study medication. Following treatment intensification to basal--bolus therapy, treatment costs were the same in both arms (matched to IGlar U100 + 3 × IAsp). Patients receiving IDegLira were assumed to use one self-monitored blood glucose (SMBG) test per day (comprised of one SMBG test strip and one lancet), and patients receiving IGlar U100 + 3 × IAsp were assumed to use four SMBG tests per day (alternative assumptions around SMBG use were evaluated in sensitivity analyses). The total annual per-patient cost (including drugs, needles, and SMBG testing) was CZK 68,684.14 for IDegLira versus CZK 43,731.35 for IGlar U100 + 3 × IAsp (based on current prices in February 2016 when the analysis was conducted).

Resource use relating to patient management was assumed to be the same as that for the general population with T2DM in the Czech Republic in all treatment arms. Patient management costs captured in the analysis included concomitant medications (aspirin, statins, and angiotensin-converting enzyme inhibitors), screening for renal disease, retinopathy and diabetic foot complications, and post-complication management (such as intensive insulin treatment after myocardial infarction). The cost of treating diabetes-related complications in the year of the event and the annual follow-up costs (applied in each year of the simulation subsequent to the first event) were consistent with previous cost-effectiveness analyses in the Czech Republic \[see Electronic Supplementary Material (ESM) Appendix for all patient management costs\].

Estimation of Quality-Adjusted Life Expectancy {#Sec10}
----------------------------------------------

Utilities and disutilities (i.e., measures of the impact on quality of life) associated with complications of diabetes were obtained from published sources \[[@CR29], [@CR33]--[@CR36]\]. Quality-adjusted life expectancy was assessed using the additive "CORE Default Method", which involves taking the lowest health state score associated with existing complications and adding event utilities for any events that occur in that year to create annual health state utility scores for each simulated patient \[[@CR29]\].

Sensitivity Analyses {#Sec11}
--------------------

The extrapolation of clinical results by modeling the long-term consequences is associated with uncertainty. Therefore, sensitivity analyses were performed on key parameters in the model to assess the robustness of the base case findings. The following sensitivity analyses were conducted:Time Horizon: The influence of time horizon on the outcomes projected by the model was investigated by running analyses over 10 and 20 years. It should be noted that a time horizon of 50 years was required for all modeled patients to have died, and therefore shorter time horizons do not capture all complications and costs.Discount Rate: To examine the effect of discounting on cost-effectiveness outcomes, simulations were performed with (symmetric) discount rates of 0 and 5%.Key Drivers of Clinical Benefit: Five simulations were run to assess the key drivers of clinical benefit associated with IDegLira. In the IDegLira arm, changes in HbA~1c~, systolic blood pressure, serum lipids, BMI, and hypoglycemia were set to the value in the IGlar + 3 × IAsp arm in turn. This allowed the contribution of individual clinical effects to long-term health economic outcomes to be assessed.Statistically Significant Differences Only: Only the treatment effects that were significantly different between the IDegLira and IGlar + 3 × IAsp arms were applied.HbA~1c~ Progression: Two alternative approaches to HbA~1c~ progression were explored. In the first, the UKPDS HbA~1c~ progression equation was applied in both arms of the simulation. HbA~1c~ increases over time in both arms of the analysis, with the HbA~1c~ benefit in the IDegLira arm gradually reduced. In the second approach, no HbA~1c~ changes were applied following the treatment effects applied in the first year of the analysis. This attempts to capture the legacy effect, where an early improvement in HbA~1c~ has a benefit in the later years of life, even if the HbA~1c~ difference is abolished.Upper and Lower Limit of HbA~1c~ Change: Simulations were run with the upper and lower 95% confidence interval of the modeled HbA~1c~ change applied in the IDegLira arm. All other parameters in the IDegLira and IGlar + 3 × IAsp arm remained unchanged.BMI Progression: The base case analysis assumed that the BMI benefit associated with IDegLira was abolished upon treatment switching, and an alternative to this assumption was explored in a sensitivity analysis, where the difference between the IDegLira and IGlar + 3 × IAsp was maintained for the duration of the analysis.Treatment Switching Patterns: To investigate the effect of the timing of treatment switching on cost-effectiveness, simulations were performed, with the year of treatment switch to basal--bolus therapy in the IDegLira arm brought forward to the end of year 3, pushed back to the end of year 7, and no treatment switching. In the IGlar + 3 × IAsp arm no treatment switching was assumed to occur, and therefore changes were only applied in the IDegLira arm.Application of Alternative Insulin Costs: A scenario was conducted with the price of NPH insulin (intermediate--acting insulin) applied in the IGlar + 3 × IAsp arm. Conservatively, all other parameters were as per the base case analysis.Alternative dosing in the Comparator Arm: Alternative dosing was evaluated in two scenarios. In the first, the defined daily dose of the comparator treatments was applied (IGlar 40 IU, IAsp 40 IU), with IDegLira dosing unchanged from the base case analysis (IDegLira 44.8 dose steps). In the second scenario, the observed trial doses were investigated during the analysis (i.e., doses were not adjusted using the statistical model in this sensitivity analysis). The doses were: IDegLira, 44.8 dose steps; IGlar, 67.6 IU; IAsp, 64.0 IU.Alternative Injection and SMBG Frequency in the Comparator Arm: A conservative analysis was conducted which assumed that patients in the IGlar + 3 × IAsp arm used only two needles (for subcutaneous injection) and two SMBG tests per day. No other parameters were changed in this analysis.Costs of Complications: The effect of over- or under-estimating the direct cost of treating diabetes-related complications was investigated in two scenarios. In the first, the cost of treating complications was increased by 10%, and in the second the cost was reduced by 10%.Hypoglycemia Disutilities: The impact of disutilities for severe and non-severe hypoglycemic events on outcomes was assessed by using alternative published values \[[@CR37]\].Update to the CORE Diabetes Model: In February 2014, an update to the CORE Diabetes Model incorporating data from the UKPDS 82 study was released, and an analysis using this version of the model was run. While a validation study of the revised model has been published, the model proprietors suggest that the update is used in a sensitivity analysis, with the previous version being used in the base case.Probabilistic Sensitivity Analysis: Probabilistic sensitivity analysis (PSA) was performed using the predefined function in the CORE Diabetes Model. Cohort characteristics, treatment effects, and complication costs and utilities were sampled from distributions, and the simulation was run using a second order Monte Carlo approach. Cohorts of 1000 patients were run through the model 1000 times for the PSA, as results were not subject to random statistical variation with these settings.

Scenario Analysis {#Sec27}
-----------------

A scenario analysis was conducted to compare IDegLira with the combination of GLP-1 RA (liraglutide) added to basal insulin. As in the base case analysis, treatment effects applied in the first year of the analysis (Table [3](#Tab3){ref-type="table"}) were based on data from the expanded pooled analysis \[[@CR22]\]. In this scenario, patients receiving both IDegLira and liraglutide added to basal insulin were assumed to receive treatment for the first 5 years of the analysis and then intensify to basal--bolus therapy. On intensification to basal--bolus therapy the benefits in terms of HbA~1c~ and BMI were abolished, and hypoglycemia rates were based on the basal--bolus arm (as described above for the IDegLira treatment arm of the base case analysis).Table 3Treatment effects applied in patients previously uncontrolled on basal insulin (IDegLira vs. liraglutide added to basal insulin)ParameterIDegLiraLiraglutide added to basal insulinHbA~1c~ (%)− 1.66 (0.96)− 1.32\* (0.96)SBP (mmHg)− 6.86 (13.20)− 4.67\* (13.20)Total cholesterol (mg/dL)− 10.13 (30.28)− 12.66\* (30.28)HDL cholesterol (mg/dL)+ 0.52 (6.79)− 0.77 (6.79)LDL cholesterol (mg/dL)− 6.85 (23.83)− 9.07 (23.83)Triglycerides (mg/dL)− 25.74 (103.71)− 18.99 (103.71)BMI (kg/m^2^)− 1.04 (1.34)− 1.29\* (1.34)Severe hypoglycemia event rate (events/100 PYE)0.840^a^Non-severe hypoglycemia event rate (events/100 PYE)125.05\*124.46Values in table are presented as the mean with the SD in parenthesis\* statistically significantly different from IDegLira^a^ Significance could not be tested as there were zero events

Patients receiving both IDegLira and liraglutide added to basal insulin were assumed to use one SMBG test per day. The total annual per-patient cost (including drugs, needles, and SMBG testing) was CZK 66,006.10 for IDegLira versus CZK 58,993.81 for liraglutide added to basal insulin (based on current prices in May 2016 when the analysis was conducted). All other parameters in this analysis were unchanged.

Compliance with Ethics Guidelines {#Sec28}
---------------------------------

This article is based on previously conducted studies and does not involve any new studies of human or animal subjects performed by any of the authors.

Results {#Sec29}
=======

Base Case Analysis {#Sec30}
------------------

Clinical benefits of treatment with IDegLira resulted from both a reduced incidence of diabetes-related complications over the 50-year time horizon of the model and a delayed mean time to onset of diabetes-related complications. Mean time to onset of any diabetes-related complication in the modeling analysis was approximately 0.4 years longer with IDegLira than with IGlar U100 + 3 × IAsp. Benefits were observed across all micro- and macrovascular complications included in the analysis.

IDegLira was associated with increased treatment costs (driven by the acquisition costs over the first 5 years of the analysis), but this was partially offset by cost savings as a result of avoided diabetes-related complications.

Treatment with IDegLira was associated with improvements in quality-adjusted life expectancy of 0.31 QALYs, at an additional cost of CZK 107,829 over a patient's lifetime, versus IGlar U100 + 3 × IAsp treatment (Table [4](#Tab4){ref-type="table"}). IDegLira was associated with an ICER of CZK 345,052 per QALY gained versus IGlar U100 + 3 × IAsp, which falls below the commonly quoted WTP threshold of CZK 1,100,000 per QALY gained; therefore, IDegLira is likely to be considered cost-effective.Table 4Base case analysis---IDegLira versus basal--bolus therapyParametersIDegLiraBasal--bolus therapyDifferenceDiscounted life expectancy (years)13.57 (0.19)13.46 (0.18)+ 0.10Discounted quality-adjusted life expectancy (QALYs)8.69 (0.12)8.38 (0.12)+ 0.31Discounted direct costs (CZK)1,037,842 (25,466)930,013 (25,147)+ 107,829ICER (life expectancy)CZK 1,043,842 per life year gainedICER (quality-adjusted life expectancy)CZK 345,052 per QALY gainedValues in table are presented as the mean with the SD in parenthesis*CZK* Czech Koruna, *ICER* incremental cost-effectiveness ratio, *QALY* quality-adjusted life year

One-Way Sensitivity Analysis Results {#Sec31}
------------------------------------

Sensitivity analyses found that the outcomes projected in the present analysis were robust to changes in the input parameters and the assumptions used (Fig. [2](#Fig2){ref-type="fig"} and ESM Appendix). IDegLira was likely to be cost-effective in all scenarios investigated, with all ICERs falling under the WTP threshold of CZK 1,100,000 per QALY gained.Fig. 2IDegLira \[fixed-ratio combination of the insulin analog degludec (IDeg) and the glucagon-like peptide-1 (GLP-1) receptor agonist (GLP-1 RA) liraglutide\] versus basal--bolus therapy: sensitivity analysis results. Red dotted line shows the base case incremental cost-effectiveness ratio (ICER). The willingness-to-pay threshold in the Czech Republic at the time of analysis was CZK 1,100,000 per QALY gained. BMI Body mass index, CI confidence interval, CZK Czech Koruna, HbA~1c~ glycated haemoglobin, IGlar + 3 × IAsp, addition of insulin aspart to insulin glargine three times daily, NPH insulin intermediate--acting insulin, UKPDS 82 UK Prospective Diabetes Study

Shortening the time horizon of the analysis had a notable impact on the calculated outcomes, with the clinical benefit reduced at 20 and 10 years, primarily due to the improvements in physiological parameters associated with IDegLira reducing the risk of long-term complications. Surprisingly, the increase in cost with IDegLira was smaller over reduced time horizons, likely due to the survival paradox, where greater survival in the IDegLira arm results in greater costs in later years. Shortening the time horizon to 10 years resulted in an ICER of CZK 413,391 per QALY gained.

Altering the discount rates used also reflected the long-term benefits with IDegLira. Reducing the discount rate led to a fall in the ICER to CZK 296,784 per QALY gained, while increasing the discount rate to 5% had the converse effect.

Abolishing each of the changes in physiological parameters associated with IDegLira revealed that the key drivers of improved clinical outcomes were reduced rates of minor hypoglycemia and improvements in BMI. Abolishing these differences between the treatment arms resulted in quality-adjusted life expectancy benefits of 0.20 and 0.22 QALYs, respectively. Applying only the statistically significant differences between the treatment arms resulted in an ICER of CZK 348,373 per QALY gained.

Applying an alternative HbA~1c~ progression with no increases applied at any stage of the analysis (attempting to replicate the legacy effect) resulted in improved incremental clinical outcomes and a smaller increase in costs, with the ICER falling to CZK 259,552 per QALY gained. Application of the UKPDS HbA~1c~ progression equation resulted in only small changes in the incremental differences between the treatment arms. These analyses show that the conclusions were robust to changes in assumptions around long-term changes in HbA~1c~.

Using the upper 95% confidence interval of the HbA~1c~ change in the IDegLira arm resulted in an increased clinical benefit, with the ICER falling to CZK 328,310 per QALY gained. Applying the lower 95% confidence interval of the HbA~1c~ change in the IDegLira arm had the converse effect, with the ICER increasing to CZK 366,999 per QALY gained.

Maintaining the BMI benefit associated with IDegLira after treatment switching resulted in an increased clinical benefit, with only a small change in costs. An ICER of CZK 288,408 per QALY gained was calculated.

Changing the assumptions around treatment switching had a notable impact on both incremental clinical and cost outcomes, but variation in ICERs was relatively small. Maintaining patients on IDegLira for a longer period of time increased the incremental clinical benefit but increased the additional cost, while shortening the treatment duration had the converse effect. Assuming no treatment switching resulted in an ICER of CZK 410,876 per QALY gained.

Applying the cost of NPH insulin in the IGlar + 3 × IAsp arm lead to an increased ICER of CZK 461,738 per QALY gained. Applying defined daily doses or observed doses (i.e., not adjusted by the statistical model) resulted in an increased incremental cost difference, with increased ICERs. In the conservative analysis where patients receiving IGlar + 3 × IAsp used only two needles and two SMBG tests per day the ICER increased to CZK 371,763 per QALY gained.

Increasing the cost of treatment of diabetes-related complications resulted in a reduced increase in costs with IDegLira, while reducing the cost of treatment of diabetes complications had the converse effect. In these two analyses the ICERs varied from the base case by approximately CZK 4000 per QALY gained.

Use of alternative hypoglycemia disutilities resulted in only a small change in the quality-adjusted life expectancy benefit with IDegLira and only a small change in the ICER. Similarly, using the updated UKPDS risk equations resulted in only a small change in the calculated ICER.

Probabilistic Sensitivity Analysis Results {#Sec32}
------------------------------------------

The incremental cost-effectiveness scatterplot presents the incremental costs versus incremental effectiveness (QALYs gained) for IDegLira versus IGlar U100 + 3 × IAsp (Fig. [3](#Fig3){ref-type="fig"}a) and shows 1000 mean values, each from a cohort of 1000 patients run through the model with sampling from distributions around model input parameters. The majority (97.1%) of points fell in the upper right quadrant, revealing both increased effectiveness (i.e., incremental quality-adjusted life expectancy) and increased total costs for IDegLira compared with IGlar U100 + 3 × IAsp.Fig. 3Probabilistic sensitivity analysis for IDegLira versus basal--bolus therapy. **a** Cost-effectiveness scatterplot. **b** Cost-effectiveness acceptability curve

The data from the scatterplot were used to generate a cost-effectiveness acceptability curve (Fig. [3](#Fig3){ref-type="fig"}b). Based on this analysis, assuming a WTP threshold of CZK 1,100,000 per QALY gained, the modeling analysis indicated that there was a 54.0% probability that IDegLira was cost-effective versus IGlar U100 plus 3 × IAsp.

Scenario Analysis---IDegLira vs Liraglutide added to Basal Insulin {#Sec33}
------------------------------------------------------------------

Treatment with IDegLira was associated with improvements in a quality-adjusted life expectancy of 0.05 QALYs, at an additional cost of CZK 33,231 over a patient's lifetime versus liraglutide added to basal insulin (Table [5](#Tab5){ref-type="table"}). IDegLira was associated with an ICER of CZK 693,763 per QALY gained versus liraglutide added to basal insulin, which falls below the commonly quoted WTP threshold of CZK 1,100,000 per QALY gained; therefore, IDegLira is likely to be considered cost-effective.Table 5Base results for scenario analysis---IDegLira versus liraglutide added to basal insulinParametersIDegLiraLiraglutide added to basal insulinDifferenceDiscounted life expectancy (years)13.56 (0.19)13.51 (0.19)+ 0.05Discounted quality-adjusted life expectancy (QALYs)8.77 (0.13)8.72 (0.13)+ 0.05Discounted direct costs (CZK)1,024,189 (26,092)990,958 (25,453)+ 33,231ICER (life expectancy)CZK 642,771 per life year gainedICER (quality-adjusted life expectancy)CZK 693,763 per QALY gainedValues in table are presented as the mean with the SD in parenthesis

Sensitivity analyses found that the outcomes projected in the present analysis were robust to changes in the majority of input parameters and the assumptions used (see ESM Appendix Table S4). IDegLira was likely to be cost-effective in most scenarios investigated, with ICERs falling under the WTP threshold of CZK 1,100,000 per QALY gained. The scenarios in which IDegLira was no longer cost-effective versus liraglutide added to basal insulin were when the time horizon was reduced to 10 years, the HbA~1c~ difference was abolished, defined daily doses were used for liraglutide added to basal insulin, and observed doses were used in both treatment arms. The parameter that had the largest impact on the ICER was abolishing the HbA~1c~ difference, identifying that the key driver of improved clinical outcomes with IDegLira versus liraglutide added to basal insulin was the greater reduction in HbA~1c~.

Discussion {#Sec34}
==========

Results from this long-term economic evaluation suggest that, from a public payer perspective in the Czech Republic, for patients with T2DM uncontrolled on basal insulin, IDegLira is likely to be cost-effective versus IGlar U100 + 3 × IAsp (basal--bolus therapy), with an ICER of CZK 345,052 per QALY gained. This falls well below the commonly accepted WTP threshold in the Czech Republic of CZK 1,100,000 per QALY gained.

IDegLira was associated with improved clinical outcomes versus IGlar + 3 × IAsp. The key drivers of improved clinical outcomes in the IDegLira arm were reduced rates of hypoglycemia and reductions in BMI. Changes in these risk factors mainly affect the quality---rather than the duration---of life. However, reductions in HbA~1c~ and systolic blood pressure were also important in driving life expectancy benefits. These treatment differences resulted in a reduced incidence of diabetes-related complications and therefore impacted on the duration of life, quality of life, and direct costs. IDegLira was associated with increased mean direct costs compared with IGlar + 3 × IAsp, driven by the higher annual cost of IDegLira versus IGlar + 3 × IAsp over the first 5 years of the analysis. However, this increased direct cost was partially offset by cost savings through the lower need for treatment of diabetes-related complications as a result of improved treatment.

Sensitivity analyses found that the results were robust to changes in the input parameters and assumptions. All ICERs remained below the commonly quoted WTP threshold of CZK 1,100,000 per QALY gained. The highest ICER identified was CZK 563,662 per QALY gained, when the difference in hypoglycemia rate was abolished.

This study was designed to capture the most appropriate comparator for patients failing to achieve glycemic control on basal insulin therapy in the Czech Republic. The most common therapeutic adaptation for such patients in the Czech Republic is the addition of fast-acting prandial insulin and, therefore, we considered IGlar U100 + 3 **×** IAsp to be the most appropriate comparator in our analysis. However, the combination of GLP-1 RA and basal insulin is also included as an option in a recent guidance in the Czech Republic. Therefore, we also conducted a scenario analysis to evaluate the cost-effectiveness of IDegLira versus liraglutide added to basal insulin. In this latter scenario, IDegLira was associated with an ICER of CZK 693,763 per QALY gained, which also falls below the commonly quoted WTP threshold of CZK 1,100,000 per QALY gained, and thus likely to be considered cost-effective.

A potential limitation of the study was the reliance on relatively short-term clinical trial data to make long-term projections, a problem common to a number of health economic analyses. The uncertainty around making long-term projections from short-term data remains one of the essential principles of health economic modeling, and it remains arguably one of the best available options to inform decision-making in the absence of long-term clinical trial data. Every effort has been made in the present analysis to minimize any element of clinical doubt around the accuracy of such an approach, mainly by using an extensively published model of diabetes which has been validated against real-life data both on first publication and recently following a series of model updates \[[@CR28], [@CR38]\]. Despite certain limitations, projecting outcomes over patient lifetimes is recommended in guidelines for economic evaluation of interventions for patients with diabetes mellitus \[[@CR39]\].

In the absence of head-to-head clinical trials, data to inform these analyses were derived from an indirect statistical pooled analysis. The use of evidence synthesis, such as the indirect comparison, using robust methodologies is becoming an increasingly important and accepted method for health technology assessment globally \[[@CR40]\]. The methodology used in the pooled analysis is recognized by the European Network for Health Technology Assessment (EUNETHTA) guidelines on how to conduct indirect analyses \[[@CR41]\] and has been used previously \[[@CR42]\].

The fixed ratio combination of IDegLira utilizes the complimentary mechanisms of action of a basal insulin and a GLP-1 RA to achieve glycemic control while mitigating the risk of hypoglycemia and avoiding weight gain. IDegLira may also be advantageous with regard to treatment adherence as it is associated with a lower incidence of gastrointestinal side effects, such as nausea, than is typically observed with GLP-1 RAs, a likely result of the gradual increase in the dose of the liraglutide component of IDegLira during dose titration \[[@CR43]\]. The use of GLP-1 RAs has been associated with a risk of developing acute pancreatitis; however, a meta-analysis investigating the use of GLP-1 RAs and pancreatitis found that neither liraglutide nor exenatide were associated with an increased risk of acute pancreatitis \[[@CR44]\], and there have been few reported events of pancreatitis with IDegLira \[[@CR19]\]. The once-daily IDegLira treatment regimen means that patients have a simple treatment option with reduced treatment complexity, with up to three fewer daily injections than basal--bolus regimens. The combination of IDeg and liraglutide in a single pen device means that patients will only need to perform a single dose adjustment, and resource use costs (e.g. needles and SMBG testing) will be lower than with basal--bolus therapy.

Conclusion {#Sec35}
==========

In the Czech Republic, IDegLira is an attractive alternative treatment option for patients with T2DM uncontrolled on basal insulin. In particular, IDegLira is associated with a reduced risk of hypoglycemia and weight gain versus basal--bolus therapy \[[@CR21], [@CR22]\], both of which are common obstacles to treatment intensification \[[@CR21]\].
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